Abstract
Introduction
It has been demonstrated that the implantation of the drug-eluting stent (DES) reduces the angiographic restenosis and the need for repeat revascularization compared with the bare metal stent. [1] [2] [3] [4] [5] [6] However, the use of the DES results in a prothrombothic environment, predisposing the patient to late stent thrombosis. 7, 8 Clopidogrel and Aspirin are the major antiplatelet drugs for the prevention of stent thrombosis. The risk of early thrombosis events amongst patients with the DES is remarkably reduced by dual antiplatelet therapy.
9,
10 According to the current guidelines, antiplatelet therapy is needed for at least 9 to 12 months after the implantation of the DES;
11 still, reports of late and very late stent thrombotic events have raised doubts about whether this regimen is sufficient. 12, 13 One recent report suggested that although a two-year dual antiplatelet regimen with Aspirin and Clopidogrel could prevent the occurrence of very late stent thrombosis after percutaneous coronary intervention (PCI) with the DES, 14 the role of a longer use of Clopidogrel in preventing very late stent thrombosis (one year after angioplasty) needs to be proved. In a recent study, the use of dual antiplatelet therapy for more than 12 months in patients with the DES was not more effective than Aspirin monotherapy in reducing the rate of myocardial infarction or cardiac death. 15 The aim of this study was to compare the impact of 12 months' versus 24 months' use of dual antiplatelet therapy on the prevalence of stent thrombosis in patients undergoing PCI with DES implantation.
Methods

From March 2007 until August 2008, all consecutive patients who underwent successful PCI in Tehran Heart
Center, received at least one DES, were treated with dual antiplatelet therapy (Clopidogrel + Aspirin), and were free of major adverse cardiac or cerebrovascular events for a 12-month period after angioplasty were included in this study. Patients were excluded if there was an occurrence of a cardiogenic shock before the procedure, a major complication in the laboratory (death, Q wave myocardial infarction, emergency open cardiac surgery, and cerebrovascular accident), and contraindications to the use of antiplatelet drugs. This study was approved by our institutional review board for the human research. Pre-procedural and procedural information was drawn from the PCI registry of Tehran Heart Center.
The procedural description and detailed definition of the pre-and post-procedural variables in our data registry can be found in our previous studies. 16, 17 In summary, all the PCIs were performed using an arterial access via the standard techniques. The patients received 325 mg of Aspirin before the procedure, and coronary stenting was performed via the routine methods. Following stent placement, the patients received dual antiplatelet therapy with Aspirin (100 mg/day) and Clopidogrel (75 mg/day) for at least 12 months after the implantation of DES.
Given the controversy in recent years over the time course of the dual antiplatelet therapy use, from 2008 our patients were advised to receive Clopidogrel for either 24 months or 12 months at the interventionists' discretion. Thus, the patients were divided into two groups: those receiving Aspirin and Clopidogrel for 24 months and those receiving Aspirin and Clopidogrel for 12 months.
The patients were visited in the outpatient clinic 1, 6, and 12 months after PCI regularly and annually thereafter. At these visits, clinical status, all interventions, outcome events, and adverse events were recorded. Those who did not come to the clinic were followed up by telephone and were questioned about the discontinuation time of Clopidogrel and any event.
In the case of hospitalization due to myocardial infarction in centers other than our institution, the patients were asked to refer to our outpatient clinic together with all their records of detailed clinical and procedural information during that hospitalization. Patients who interrupted the antiplatelet therapy before the completion of the above-mentioned duration were excluded. Withdrawal of antiplatelet therapy was defined as the interruption of antiplatelet therapy for 7 days regardless of the cause.
The follow-up data were evaluated in detail for death, myocardial infarction, repeated revascularization either via PCI or coronary artery bypass grafting, and cerebrovascular accident during the follow-up period. The end goal of our study was the occurrence of stent thrombosis, defined in accordance with the previously published criteria. 18 The primary endpoint was the first occurrence of myocardial infarction or death from a cardiac cause. The principal secondary endpoints were death from any cause, stroke, and stent thrombosis.
All deaths were considered to be from a cardiac cause unless an unequivocal non-cardiac cause could be established. Definite stent thrombosis was defined as in-stent thrombosis, with or without vessel occlusion, confirmed by angiography or by pathological examination.
Probable stent thrombosis, defined as myocardial infarction or death in the first 30 days after the procedure, was not included because the focus of our study was on later events (after a one-year follow-up). Possible stent thrombosis was defined as myocardial infarction in the distribution of the targeted vessel, where stent thrombosis was not angiographically confirmed and in the absence of any other obvious cause.
The continuous variables are presented as mean ± standard deviation. The groups were compared using the Student t-test. The categorical variables are presented by frequencies, and the proportions were compared using the Chi-square test patients in group 2 underwent primary PCI. The baseline clinical and procedural characteristics of the two study groups are summarized in Table 1 . In each group, more than half of the patients had multi-vessel coronary artery disease, and one quarter underwent multi-vessel PCI. No significant difference was observed in terms of the clinical and procedural variables between the two groups. Table 2 demonstrates the distribution of the different DESs in each group. The paclitaxel-eluting stent was the most common type of the DES utilized.
The mean follow-up time was 35.27 ± 6.91 months for all the patients: 35.55 ± 6.63 months for the 12 months' use group and 35.07 ± 7.10 months for the 24 months' use group. During the follow-up period, 11 (1.1%) patients died, 6 (0.6%) of them from cardiac causes. Twelve (1.2%) patients had an acute myocardial infarction and 4 (0.4%) had a stroke. Three patients underwent primary PCI and none of them developed complications. The rate of thrombosis was 10/961 (1%): 4 (0.4%) were definite and 6 (0.6%) were possible cases of stent thrombosis. Repeat revascularization was performed in 22 (2.3%) patients.
After the two-year follow-up period, there was no significant difference with respect to the survival and treatment effects between the two groups (Table 3) .
and Fisher exact test when the expected frequency was less than 5. Event-free survival analysis was performed using the Kaplan-Meier method with log-rank test group comparison. The statistical analyses were carried out with SPSS 15.0 (SPSS, Inc., Chicago, Illinois), and p values < 0.05 (two tailed) were considered statistically significant.
Results
A total of 961 (83.
The mean age was 57 years, and 31% of the patients were women. Group 1 included 399 (42%) patients who stopped Clopidogrel after 12 months and group 2 consisted of 562 (58%) patients who received Clopidogrel for 24 months (100% of the patients were on Clopidogrel and Aspirin at the defined time for each group). From these, 852 (88.7%) patients received one and 109 (11.3%) more than one DES and 69 (7.2%) patients received bare metal stents in addition to the DES. One (3%) patient in group 1 and two (4%) In the 12 months' use group, two cases of definite thrombosis occurred at 18 and 13 months post PCI. One possible case of stent thrombosis was observed in this group after 30 months; this patient had stenting in a bifurcation lesion. In the 24 months' use group, two definite cases of stent thrombosis occurred at 14 and 28 months post PCI; one had stenting in a bifurcation lesion. Overall, five cases of possible stent thrombosis were detected at 21, 28, 32, 33, and 34 months after the procedure. It is deserving of note that amongst the 10 cases of stent thrombosis, only 1 (10%) thrombosis occurred when the patient was on Clopidogrel and Aspirin and all the other 9 (90%) cases of stent thrombosis appeared after the discontinuation of the dual antiplatelet therapy. All of the 10 patients received DES implantation.
The Kaplan-Meier estimates of freedom from total and definite stent thrombosis and major cardiac adverse events are depicted in Figures 1 and 2 .
There was no significant difference between the two treatment groups as regards the risk of primary and secondary endpoints. However, amongst the patients assigned to receive dual antiplatelet therapy, as compared with those receiving Aspirin alone, there was a non-significant increase in the risk of myocardial infarction, stoke, thrombosis, and death.
Discussion
In this study, we found no significant benefit associated with Clopidogrel continuation (use of Clopidogrel plus
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Aspirin) as compared with Clopidogrel discontinuation (use of Aspirin alone) after 12 months in reducing the incidence of stent thrombosis, myocardial infarction, stroke, death, and repeat revascularization. The occurrence of the endpoints was higher with Clopidogrel plus Aspirin than that with Aspirin alone, but this difference was not significant. Our findings showed that the rate of stent thrombosis in patients who underwent successful DES implantation was 1%. Moreover, 90% of the cases of stent thrombosis occurred after the discontinuation of the dual antiplatelet therapy either after 12 months' or after 24 months' use.
The rate of stent thrombosis was between 0% and 2% in previous reports. 19 Total stent thrombosis after 6 months' follow-up in patients undergoing DES implantation who received dual antiplatelet therapy for at least 6 months was 1% in the Ong et al. study. 20 In line with their findings, in the present study the overall rate of stent thrombosis in patients receiving the DES and at least 2 years of dual antiplatelet therapy was 1% during a mean follow-up time of 35 months.
Park et al. 21 reported that Clopidogrel continuation for more than one year did not decrease stent thrombosis and clinical events after DES implantation, and findings by Roy et al. 16 showed that the discontinuation of Clopidogrel during a 12-month period after PCI was not predictive of stent thrombosis. In the present study, 90% of the stent thrombosis events occurred after the discontinuation of Clopidogrel either after 12 months' or after 24 months' use of this drug, which bears out the findings of a study by Eisenstein et al., 17 who concluded that in patients receiving PCI, the long-term risk for death and major cardiac events was significantly increased amongst patients in the DES group who had discontinued Clopidogrel therapy at 6 or 12 months. Both results are in favor of the idea that the DES may require protracted and possibly indefinite Clopidogrel therapy, although larger studies 17 have suggested that all patients with the DES may benefit from receiving Clopidogrel for up to 24 months after PCI. These results have led to uncertainty about the minimal necessary duration of dual antiplatelet therapy after the implantation of the DES. Our study suggests that the discontinuation of Clopidogrel therapy after approximately one year might have a favorable risk-benefit ratio. Be that as it may, our study is limited by a lack of randomization and by selection bias (longer dual antiplatelet therapy in high-risk patients for stent thrombosis) as well as a small number of patients and a relatively short follow-up period. Because of the small number of the primary and secondary end points, these findings should be interpreted with caution and the interpretation must be speculative, although a similar result was reported in the Park et al. study.
15 Some other limitations of our study should also be taken into consideration: due to the small size of the study population and the small number of the cardiac event rates, our study was underpowered and thus unable to detect a clinically significant difference in the outcomes. Our findings should be confirmed or refuted through larger randomized, clinical trials with long-term follow-up periods.
Conclusion
In our study, the extended use of dual antiplatelet therapy (for more than 12 months) was not significantly more effective than Aspirin monotherapy in reducing the risk of myocardial infarction or stent thrombosis, death from cardiac cause, and stroke.
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Our study did not have sufficient statistical power to allow for a firm conclusion regarding the safety of Clopidogrel discontinuation after 12 months. Larger clinical trials will, therefore, be necessary to resolve this issue.
